Amaurotic idiocy is conventionally defined as a genetically controlled sphingolipidosis which occurs in five forms of which the common denominator is a distension of the body of the nerve cell by the accumulation of lipids. The variants are distinguished not only by the age of onset of the first symptoms but also by certain clinical features and by differences in the tinctorial and physico-chemical qualities of the 'stored' lipids. Thus, Sandifer (1959) lists the congenital, infantile, late infantile, juvenile, and the adult types.
Many investigators are of the opinion that the various types are nosologically related and together form one disease entity. Seitelberger, Vogel, and Stepan (1957-58) suggested that the variants were the expression of different intensities ofa qualitatively identical genetically controlled disturbance, whereas Diezel (1960) asserted that the different forms of amaurotic idiocy were but age-dependent variants. Friedrich (1957) and Cumings (1961) also considered the amaurotic idiocies to represent one entity and the same view was expressed by Escola (1961) on the basis of a comparative histological and histochemical study of 19 cases. On the other hand, a number of authors favour the hypothesis that juvenile and infantile amaurotic idiocy are different (Hoffman and Riepenhoff, 1957) . The most outspoken proponent of this view was originally Spielmeyer (1905) , who stated that juvenile amaurotic idiocy had 'nothing to do' with TaySachs disease, clinically as well as pathologically. In his later writings, however, Spielmeyer (1922) considered the two conditions to be related. Recently Wolman (1961) suggested that the amaurotic idiocies might not constitute a nosological entity but rather a morphological syndrome representing different metabolic derangements. Jervis (1959) did not take a definite position in this argument yet he stressed the biochemical differences between the two forms. Norman (1958) tinction between infantile and juvenile amaurotic idiocy.
For the nosological classification of the various forms of amaurotic idiocy, genetic studies are of particular relevance. As early as 1931, Sjogren studied 53 families in southern Sweden with a total of 120 instances of juvenile amaurotic idiocy. He drew attention to the somewhat characteristic clinical picture of the disease, to the relatively wide fluctuations of the age of incidence of the various symptoms, and of the age of demise. After a careful and well-controlled evaluation of his material, Sjogren came to the conclusion that juvenile amaurotic idiocy must be considered different from infantile amaurotic idiocy because of its hereditary features. Hanhart (1954) , after a similar study of 27 families with cases of infantile amaurotic idiocy, concluded that this condition was a disease sui generis. Likewise, Wyburn-Mason (1943) proposed that amaurotic idiocy existed in two distinct types, namely, the infantile, which is probably related to NiemannPick's disease, and the juvenile form. There is general agreement that the infantile form affects predominantly, but not exclusively, descendants of eastern European Jews, whereas the juvenile form has apparently never been found in this ethnic group. The four Jewish sisters described by Higier (1897), first interpreted by Vogt (1909) and later quoted by Wyburn-Mason (1943) as having been afflicted with juvenile amaurotic idiocy, most probably had a familial spastic lateral sclerosis. The apparent nosological disunity of infantile and of juvenile amaurotic idiocy is further supported by the fact that no instance is on record in which the two conditions affected different members of the same family. The ostensible exception to this rule reported by Bertrand and van Bogaert (1934) was later found to represent an error in diagnosis (van Bogaert, 1953) .
In contrast, the precise nosological positions of the congenital, the late infantile, and the adult types of amaurotic idiocy have not yet been fully clarified 352
Juvenile and late forms of amaurotic idiocy in one family by genetic studies. The extreme rarity of the congenital type precludes pertinent investigations at the present time. That late infantile amaurotic idiocy may not deserve a separate status was first suggested by Wyburn-Mason (1943) and subsequently endorsed by van Bogaert (1953) . Apparently instances of this variant represent either delayed forms of the infantile type or precocious forms of the juvenile. This view is shared by Norman (1958) . With regard to adult amaurotic idiocy, Hallervorden (1938) suggested that some patients with this type actually suffer from an early variant taking an extremely protracted course with the onset of symptoms in infancy or childhood and death occurring during adult life. On the other hand, there are 'true adult' cases in which signs of the disease do not become manifest until the patient has entered adult life, and sometimes such patients may reach their 40s before they show any symptoms at all (Kufs, 1931; Fine, Barron, and Hirano, 1960) . Adult amaurotic idiocy (some 20 cases have been reported to date) is known to have affected several members of one sibship (Kufs, 1925; Wagner, 1949; Allegranza, 1956 ) but its concordance with the infantile or the juvenile type in the same family has never been established beyond doubt It therefore appears justified to report on two siblings with Batten-Spielmeyer-Vogt's disease and on their paternal grandaunt who suffered from what appears to be the adult type of this condition. The clinical manifestations of all three cases have been previously described and it has already been suggested that juvenile and adult forms of amaurotic idiocy are related, although modified, expressions of the same process (Hoffman, 1958) . This relationship was emphasized by designating both forms 'pigmentary retinal lipoid neuronal heredodegeneration'. The present report supplements these earlier observations with a histological and histochemical study.
CASE REPORTS
CASE 1 This was a 53-year-old unmarried woman whose clinical findings were described in detail by Hoffman (1958) . In summary, she was healthy until she was 18 years old when she experienced transient motor disturbances and ataxia. She was of superior intelligence until 29 years old when she began to display a progressive central nervous system dysfunction. Her social judgment, intelligence, and motor function deteriorated. There was optic atrophy with retinitis pigmentosa. No extrapyramidal or cerebellar signs were observed. She died from cardiac decompensation. The mental illness lasted for 24 years.
The body had been embalmed before necropsy. The brain weighed 1,000 grams. Although appearing atrophic, the brain otherwise was normal externally, except for a nodule 0 5 cm. in diameter protruding from the posterior part of the hypothalamus into the interpeduncular cistern. The lepbmeninges were translucent. The basal arteries were free of arteriosclerotic changes and patent.
A moderate hydrocephalus ex vacuo was seen in coronal sections. Histological examination showed a hamartoma in the floor of the third ventricle consisting of vascular tufts and abnormally shaped and arranged neurons. It had not encroached upon the hypothalamic structures. Apart from this lesion, there was a widespread accumulation of lipid substances in most of the nerve cell bodies, and, in some regions, in the astrocytes. There was diffuse gliosis of the white matter but no demonstrable demyelination.
CASE 2 This patient was Bonnie Z. described by Hoffman and Riepenhoff (1957) as an instance ofjuvenile amaurotic idiocy. She had her first convulsion at 5j years of age and died at 17 years of age.
At necropsy, the entire brain, including the brain-stem and cerebellum, was greatly atrophic, weighing only 640 grams. The leptomeninges were translucent. After a midsaggital cut, one-half of the brain was deep frozen immediately and the other half was fixed in formalin. After fixation, the hemisphere was cut in frontal sections. The cortex was atrophied all over and measured an average of 2 to 3 mm. in width. The basal ganglia were small. The territory covered by the white matter was proportionally reduced. The ventricular system was dilated with the angles blunted. The average width of the lateral ventricles was 3 cm. The brain-stem and cerebellum were very small and atrophic but well proportioned.
Histological examination showed that practically all neuron bodies were severely distended with lipid deposits. The number of Purkinje cells was greatly reduced and cerebellar granule cells had almost disappeared. The white matter showed diffuse loss of myelinated fibres and fibrillary gliosis. CASE 3 Lynn Z. was the younger sister of the preceding patient, also described by Hoffman and Riepenhoff (1957) as a classic example of juvenile amaurotic idiocy. She showed the first signs of a central nervous system deterioration at the age of 8 and died at 14 years of age.
At necropsy, the brain was markedly atrophic, weighing 600 grams. The leptomeninges were translucent. One-half of the brain, including the brain-stem and cerebellum, was deep frozen and the other half was fixed in formalin. On coronal sections, the width of the cerebral cortex was found to average 2 mm. The basal ganglia were reduced in size, as was the white matter. The lateral ventricle was dilated, with an average lateral width of 3 cm. No focal lesions were encountered. The cerebellar folia were markedly atrophic and sclerosed and the brain-stem was extremely small.
Histological examination showed the nerve cell bodies to be everywhere distended by an accumulation of lipid material. The cerebellar cortex contained practically no granule cells, and most of the Purkinje cells had disappeared. There was a diffuse loss of myelinated fibres throughout the white matter and a corresponding fibrillary gliosis. The precise genetic relationship between the three patients is depicted in Figure 1 . Consanguinity in this family of German, Scottish, and Irish stock is noteworthy. In addition to the probands, many other members of this family were afflicted with neurological defects. For lack of clinical information and of necropsy studies, no effort is made to speculate on a diagnosis of these cases. In view of a similar observation by Ponga (1960) mounted on the same slide. By using this precaution, variability resulting from technical factors in the histochemical procedures could be kept at a minimum.
RESULTS
The distribution and the degree of the lesions as judged from sections stained with cresyl violet and with haematoxylin and eosin are presented in Table I . As can be seen, the extent and degree of neuronal lipid accumulation in brain 1 were much less than in brains 2 and 3. On the other hand, practically all neurons of brain 1, with the exception of those in the cerebellar cortex, were altered in some way. Most neurons contained few, if any, Nissl bodies. The characteristic foamy transformation of the cytoplasm, however, was seen only occasionally in brain 1, whereas it was a common finding in brains 2 and 3. The accumulation of intraneuronal lipids did not reach the proportions commonly encountered in infantile amaurotic idiocy and in gargoylism, referred to as 'ballooning'. There was a diffuse loss of neurons most pronounced in brains 2 and 3, with a corresponding fibrillary gliosis.
The following observations on the distributional pattern of neuronal changes appear to be the most important.
1 A diffuse generalized alteration of nerve cell bodies was seen due to the intracellular accumulation of lipids in brains 2 and 3, compared with a diffuse alteration of practically all nerve cells with intraneuronal lipids more or less restricted to the subcortical gray matter and the paleocortex in brain 1. 2 Cerebellar granule cells were completely lost in brains 2 and 3 but were preserved in brain 1. 3 Purkinje cells were largely lost in brains 2 and 3 without definite evidence of lipid accumulation in the surviving elements compared with the full preservation and normal appearance of these cells in brain 1. 4 The fascia dentata in all three brains were involved as were Sommer's sector and the subiculum in brain 3 (Figs. 2 and 3) .
Although one may agree with Jervis (1959) that too much emphasis is being placed on histochemical studies in amaurotic idiocy, a fairly extensive analysis was performed on paraffin-embedded and frozen sections. It was felt that the genetic relationship warranted this effort because of the assumption that the same enzymatic deficit was operative in all three patients. The more important reactions and the results on four selected types of neurons are summarized in Table II (Seitelberger et al., 1957-58; Diezel, 1960) . In the present brains such a correlation was not consistent. The situation in the fascia dentata nerve cells may serve as an example. The sudanophilic material of brain 1 had completely disappeared after paraffin embedding, whereas that of brains 2 and 3 remained in situ after this procedure. The adsorption of Amino black B1O to the fascia dentata neurons was slight in all brains. Similar behaviour was seen in the neuron bodies of the dentate nucleus (Figs. 4 to 9 Hoffman (1958) , the diagnosis in Case 1 was made on the basis of the clinical findings together with the genetic connexion with proven cases of the juvenile type of amaurotic idiocy. It is recognized that in contrast to the infantile and juvenile forms, late amaurotic idiocy does not display a diagnostic clinical pattern. A remarkable feature of this case is the diminished visual acuity with primary optic atrophy and signs of retinitis pigmentosa. This is quite uncharacteristic for the late form, for which reason Fine et al. (1960) refrain from using the term amaurotic idiocy. Absence of visual difficulties and of objective signs of retinal lesions are even considered to favour a diagnosis of late amaurotic idiocy (van Bogaert and Borremans, 1937) . Although cerebellar and extra-pyramidal signs are common in adult amaurotic idiocy, their absence in Case 1 does not militate against the diagnosis, because other instances are known in which these findings were lacking (Kufs, 1931) .
Because of the genetic connexion with juvenile amaurotic idiocy, one must ask whether Case 1 had a protracted form of this condition. In keeping with presently accepted definitions, it should be classified as an adult form since the patient did not show signs of nervous system disease until age 29, except for a brief episode of motor disturbance and ataxia at age 18, from which she fully recovered.
Cases 2 and 3 presented the classic picture of A number of observations made on this case require further discussion. The widespread, almost universal morphological alterations of nerve cells despite the absence of lipid accumulation in part of them is difficult to explain. Admittedly, this brain was not optimally fixed due to prior embalming, and it may be argued that the nerve cell changes represent artefacts. The possibility of ischaemic nerve cell damage on account of chronic cardiac decompensation with prolonged agony must also be entertained, but it is supported neither by the cytopathomorphology nor by the distribution of the lesions. A third alternative is the assumption that cytoplasmic nerve cell degeneration has preceded the accumulation of lipids. As is well known, this hypothesis was first developed by Schaffer (1930) but fell in disrepute largely on the strength of Spielmeyer's (1929) forceful arguments.
Another intriguing finding is the occurrence within neuroglial cells, especially astrocytes, of lipids having the same staining and physicochemical qualities as those seen in neurons. While such findings may be expected in regions of neuronal loss, their presence in the cerebellar cortex of Case 1 with no appreciable parenchymal damage cannot be explained this way. It will be recalled that Sjovall (1934) interpreted this finding as an indication that the metabolic disturbance of amaurotic idiocy affects not only nerve cell bodies but also neuro-ectodermal glial elements, in particular astrocytes.
The observation on the randomized histochemical behaviour of the ganglionic lipids conforms to the results on similar material by other authors. The variability of the staining and physico-chemical properties of the accumulated lipids has been the subject of much speculation. Diezel (1957) (Zeman and Alpert, 1960) but was absent from the neurons of brains with Tay-Sachs' disease and with gargoylism, although one patient with the latter condition was 20 years old at the time of death. In contrast to the brains of cases of juvenile amaurotic idiocy, those of infantile amaurotic idiocy and of gargoylism showed a multifold increase in gangliosides. These observations would then refute Diezel's (1957) Escola, 1961) , and the accumulation of lipids in the visceral reticulo-endothelial cells observed in Case 3 only.
GENETIC CONSIDERATIONS The most remarkable feature of this study is the genetic relationship between the three patients. The occurrence of the same variant of amaurotic idiocy in two or more members of one sibship is well documented. In contrast, only a few reports exist on families in which members of different generations were found to be afflicted with the same type of amaurotic idiocy (Sj6gren, 1931; Wyburn-Mason, 1943; Kinneir Wilson, ed. Bruce, 1955) . To the best of our knowledge the occurrence of two different forms of amaurotic idiocy in one family has never been established beyond doubt. As mentioned above, the seemingly pertinent observation of Bertrand and van Bogaert (1934) (Seitelberger and Nagy, 1958) . On the other hand, it is not unusual that patients with adult amaurotic idiocy have siblings or relatives who also suffer from the adult form (Hallervorden, 1938; Kufs, 1925; Wagner, 1949; Allegranza, 1956; van Bogaert, 1953) . Moreover, if one accepts that infantile amaurotic idiocy is different from the juvenile form, no adult cases should be found in a family with Tay-Sachs disease. This assumption seems to be refuted by Case 8 of Wyburn-Mason (1943) , a mother of three children, the first being normal and the second affected with typical TaySachs disease. The third child was similarly affected but displayed an unusually late manifestation, the characteristic cherry-red spot appearing as late as 10 years of age. The mother (Case 8) developed mental deterioration and optic atrophy when she was 31 years old. Although not verified histologically, Wyburn-Mason felt safe in diagnosing this case as amaurotic idiocy, more specifically as an adult form of Tay-Sachs disease.
In consideration of these arguments, it appears that the adult form of amaurotic idiocy may occur in three different genetic connexions, namely, as a distinct entity, as a late form of Tay-Sachs disease, and as a late form of Batten-Spielmeyer-Vogt disease. It is noteworthy that all patients with adult amaurotic idiocy coming from families with either Tay-Sachs or with Batten-Spielmeyer-Vogt disease had, in addition to mental deterioration, optic atrophy. Patients with the autochthonous 'familial cerebral lipidosis of the adult' were sometimes mentally normal, and invariably had normal fundoscopic findings.
SUMMARY AND CONCLUSION
Three cases of amaurotic idiocy, one adult and two juvenile forms, affecting members of two different generations of one family are reported. A comparative histochemical study showed fluctuations in the staining and physico-chemical qualities of the intraganglionic lipids to such an extent that doubt is cast on current opinion as to the nature of this group of lipidoses. The observation which was most inconsistent with presently accepted viewpoints was a lack of correlation between sudanophilia, fat solubility, and affinity for Amino black B1O.
As a result of this study, there is additional support for the previously offered hypothesis by one of the authors (Hoffman, 1958) that the juvenile amaurotic idiocy of Batten-Spielmeyer-Vogt and the adult form of Kufs are closely related if not modified forms of the same fundamental process. Furthermore, the concept that the adult form of amaurotic idiocy is an expression of the mitigated intensity of the metabolic disorder (Seitelberger and Nagy, 1958) has been strengthened.
It is the belief of one of the authors (W.Z.) that the investigation also supports the theory first presented by Wolman (1961) that amaurotic idiocy is but the phenotypical expression of a variety of genetically different metabolic disturbances.
